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Tamoxifen and risk of idiopathic venous thromboembolism

Christoph R. Meier & Hershel Jick
The Boston Collaborative Drug Surveillance Program, Boston University Medical Center, 11 Muzzey Street, Lexington, MA 02173

Aims To evaluate a possible positive association between tamoxifen treatment and
the risk of developing idiopathic venous thromboembolism (VTE) in women with
breast cancer in the absence of clinical risk factors for venous thromboembolism
other than breast cancer itself.
Methods Using information from the large UK-based General Practice Research
Database, we identified, within a cohort of more than 10 000 women with breast
cancer, all women who developed a first-time diagnosis of deep vein thrombosis or
pulmonary embolism of uncertain cause between January 1, 1991 and December
31, 1996. In a case-control analysis, we compared their tamoxifen exposure
experience prior to the thromboembolic event with that of a randomly selected
group of control women with breast cancer who were matched to cases on age,
year of the breast cancer diagnosis and calendar time.
Results We identified 25 cases of idiopathic VTE and 172 controls, all of whom
had breast cancer, but were otherwise free from other risk factors for VTE. Past
tamoxifen exposure was not materially associated with an elevated risk of developing
VTE, and we therefore combined never and past users as reference group. The
relative risk estimate of VTE for current tamoxifen exposure, as compared with
never and past use combined, was 7.1 (95% CI 1.5–33), adjusted for body mass
index, smoking status and hysterectomy status. High body mass index was an
independent predictor of VTE itself.
Conclusions Our study provides evidence that current use of tamoxifen increases
the risk of idiopathic venous thromboembolism.
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not necessarily free of cardiovascular risk factors, and they
Introduction

often received additional cancer treatment, such as chemo-
or radiotherapy. This led us to conduct a case-controlThe oestrogen receptor antagonist tamoxifen is widely used

as adjuvant therapy of breast cancer. Tamoxifen has well analysis in order to explore further the role of tamoxifen on
the risk of developing idiopathic first-time VTE in a largedocumented efficacy in increasing survival time and reducing

the risk of recurrent as well as contralateral breast cancer [1, cohort of women with breast cancer in the absence of
predisposing risk factors other than breast cancer itself.2]. While tamoxifen is usually relatively well tolerated, it

has been associated with a variety of adverse effects related
to its actual pharmacological activity [3, 4]. While tamoxifen

Methods
has antioestrogenic properties, which have been related to
symptoms such as hot flushes, vaginal bleeding and pruritus We conducted a case-control study in a base population of

women with breast cancer, using the UK-based Generalvulvae, it also has partial oestrogen-agonistic effects at
particular receptor subtypes. The oestrogenic activity may Practice Research Database (GPRD). Over four million

people in the UK are enrolled with selected generalreduce the risk for ischemic heart disease [5, 6], but may
also increase the risk for endometrial cancer [3, 4, 7, 8] and practitioners who use office computers provided by Value

Added Medical Products and who have agreed to providevenous thromboembolism (VTE).
Several case-reports of women with breast cancer have data for research purposes. General practitioners have been

trained to record medical information in a standard mannerbeen described who developed deep vein thrombosis or
pulmonary embolism while being treated with tamoxifen and to supply it anonymously. Information about symptoms,

diagnoses, referrals, hospitalizations as well as all drug[9–12], and there is growing evidence from randomized
clinical trials that the incidence of VTE is indeed higher prescriptions are recorded prospectively and on an ongoing

basis by over 400 general practices. The database furthermoreamong tamoxifen exposed women than in the comparison
groups, suggesting a possible causal role of tamoxifen contains demographics of the patients as well as information

with regard to smoking status, height, weight, hysterectomy[13–19]. However, those women who developed VTE were
status and more. Drug prescriptions are generated by the
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general practitioner directly with the computer, and itProgram, Boston University Medical Center, 11 Muzzey Street, Lexington,

MA 02173, USA. contains the name of the preparation, route of administration,
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dose, and number of tablets for each prescription. Upon cancer, died within 6 month after the index date, or
underwent mastectomy, chemotherapy, radiotherapy,request, anonymized copies of hospital discharge and referral

letters are available for review to validate the diagnoses trauma, or major surgery within 6 months prior to the
index date.recorded in the computer record. A modification of the

Oxford Medical Information System (OXMIS) classification
is used to enter medical diagnoses. For the purpose of this

Exposure to tamoxifen
study, OXMIS- codes have been mapped onto ICD-codes.
The recorded information on drug exposure and on Tamoxifen exposure history was assessed from the com-

puterized medical record (which gave identical informationdiagnoses in the GPRD has been validated and proved to
be of high quality [20, 21], and there is particular experience as the questionnaire filled out by the general practitioner for

the cases). The computer recorded information contains thefor studies involving cancer patients [22] as well as subjects
with VTE [23] using GPRD-data. number of tablets per prescription, the dose and the specific

instruction of the prescribing doctor on how many tablets
to be taken per day. Women were classified as ‘current

Base population and case selection
users’ (if the tablet supply covered the index date), ‘past
users’ ( last drug intake one or more days prior to the indexThe base population consisted of women who had a

computer-recorded diagnosis of breast cancer in or after date), or ‘never users’. The tamoxifen exposure duration
among users was categorized into predefined categories of1980. Within this base population, we identified (by

computer-recorded ICD-codes) the potential cases, which ‘less than 12 months’ and ‘12 months or more’. The
tamoxifen dose (10, 20, 40 or 80 mg day−1) was alsowere women who were hospitalized for a first-time diagnosis

of deep vein thrombosis or pulmonary embolism between assessed from the computer record.
January 1, 1991 and December 31, 1996. At the date of
their VTE-diagnosis (subsequently referred to as ‘index

Analysis
date’), they had to have been 70 years of age or younger.
Potential cases were excluded if they had—according to the We conducted a matched analysis by using conditional

logistic regression models with the software program SAS,computer record—any other malignancies besides breast
cancer, a history of VTE or thrombophlebitis, stroke, angina and we obtained relative risk estimates (odds ratios, OR) of

developing VTE with regard to current and past use, usingpectoris, myocardial infarction, diabetes mellitus, chronic
renal disease, hypertension, hyperlipidemia, intermittent never users as reference group. The effect of exposure

duration and dose was also assessed with conditional logisticclaudication, systemic lupus erythematosus, epilepsy, connec-
tive tissue disorders or cystic fibrosis. We furthermore regression models; these subanalyses were done by stratifying

current tamoxifen users according to duration and dose, andexcluded all potential cases who underwent mastectomy,
chemotherapy, radiotherapy, trauma (i.e. accident, bone by comparing these subgroups to never-users. For each case

and control, the potential confounders body mass indexfracture) or major surgery (i.e. abdominal surgery, hip
replacement) within 6 months prior to the index date, who [BMI] (<30, 30+ kg m−2, unknown), smoking status

(never, ex, current, unknown), and hysterectomy status (yes,had recurrent or metastatic breast cancer, or who were in
their terminal phase and died within 6 months after the no) were assessed from the computer profiles and evaluated

in univariate regression models. Since none of the cases wasindex date (subjects who died from pulmonary embolism
were included). Potential cases had to have been hospitalized oophorectomized, used oral steroids or oral contraceptives,

and only one case and four controls used oestrogenand treated with warfarin for the VTE. We sent for hospital
discharge letters in order to verify the computer-recorded replacement therapy at the index date, these variables were

not included in further analyses.diagnosis, and for death certificates for women who died
from pulmonary embolism. The diagnosis of deep vein
thrombosis had to be confirmed by venogram, ultrasound

Results
or Doppler test, and pulmonary embolism by ventilation
perfusion scan or angiography. We also sent a questionnaire The base population encompassed 10 011 women with a

first-time diagnosis of breast cancer in or after 1980. Theto the general practitioners in order to verify the computer-
recorded date of the breast cancer, the index date and the case series consisted of 25 confirmed idiopathic cases and

172 controls. Among the cases, 16 had deep vein thrombosisidiopathic aetiology of the first-time VTE by verifying the
absence of predisposing events. Computer-based patient and 9 pulmonary embolism, and for 4 women the pulmonary

embolism was fatal. The mean age of cases (57.5 years) andprofiles of both cases and controls were reviewed without
knowledge of tamoxifen exposure. controls (58.2 years) at the index date was closely similar,

and the mean duration of breast cancer (the time from the
diagnosis of breast cancer up to the index date) was 4.1

Controls
years (range 1–12 years) for both cases and controls.

The cases arose from 258 women who developed, at theFor each case we randomly selected up to 10 control
women with breast cancer, matched on age (within two age of 70 years or younger, a first-time diagnosis of VTE

between January 1, 1991 and December 31, 1996. Of these,years), duration of breast cancer (same year of breast cancer)
and calendar year of VTE (same index date). Women were we excluded 181 potential cases because they had—

according to the computer record—metastatic and/orineligible to be controls if they had—according to the
computerized medical record—recurrent or metastatic breast recurrent breast cancer at the index date, or mastectomy,
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Table 2 Patient characteristics and relative risk estimates (OR)chemotherapy, radiation, surgery or trauma within 6 months
for venous thromboembolism*.prior to the date of the diagnosis. As a result of additional

information that we received from the GP, we excluded
Cases Controls OR (95% CI)the remaining 52 cases due to the presence of other risk

factors for VTE (n=25), because the diagnosis of VTE was
Body mass index (kg m−2)

not confirmed (n=12), or because we did not get medical
<30 8 109 1.0†

records from the GP (n=15). 30+ 8 22 5.0 (1.5–16.9)
At the index date, 23 of 25 cases (92%) and 110 of 172 unknown 9 41 2.0 (0.5–7.9)

controls (64%) were current users of tamoxifen. One case Smoking status
and 16 controls used tamoxifen in the past, and one case Never 12 104 1.0†

Current 4 30 1.1 (0.3–4.4)and 46 controls were never users of tamoxifen. Since past
Ex 3 11 3.1 (0.6–15.0)tamoxifen use was not materially associated with an increased
Unknown 6 27 1.6 (0.4–7.4)risk of developing VTE, we combined never and past users
Hysterectomy statusfor further analyses. The relative risk estimate (OR) of
No 22 136 1.0†developing idiopathic VTE for current tamoxifen use, as
Yes 3 36 0.6 (0.1–2.1)compared with never and past use combined, was 7.1 (95%

CI 1.5–33) (Table 1), adjusted for body mass index, smoking
*Adjusted for tamoxifen use and all other variables in the table.status and hysterectomy status.
†Reference group.Body mass index was a strong independent risk factor for

VTE. Women with a BMI>=30 kg m−2, as compared
with women below 30 kg m−2, were at a significantly and past use combined, were 8.3 (95% CI 0.8–83) and 14.1

(95% CI 0.8–245), respectively (Table 1).increased risk of developing VTE, resulting in a relative risk
estimate of 5.0 (95% CI 1.5–16.9), adjusted for tamoxifen
exposure, smoking and hysterectomy status. We also assessed

Discussion
the independent effect of smoking (never, current, past,
unknown) and hysterectomy (yes/no) status on the risk of Our findings in this case-control analysis, based on 25

idiopathic cases and 172 controls from a base population ofdeveloping VTE, but both these parameters were not
significantly related to the risk of developing VTE in this some 10 000 women with breast cancer, suggest that current

use of tamoxifen is associated with an elevated risk ofgroup of women (Table 2).
We also assessed whether the risk of developing VTE was developing idiopathic VTE.

By restricting our analysis to idiopathic cases withoutrelated to the duration of the tamoxifen treatment and the
daily tamoxifen dose used. The adjusted relative risk prior history of thromboembolism, cardiovascular diseases,

cancer (other than breast cancer), metastatic or recurrentestimates for current use of 1–11 months and current use of
12 months or more were 9.0 (95% CI 1.0–83) and 6.8 (95% cancer or cancer in the terminal phase, surgery, trauma and

any treatment for breast cancer within 6 months prior toCI 1.4–33), respectively, as compared to never and past use
combined (Table 1). the index date (i.e. chemotherapy, radiotherapy or mastec-

tomy), and by matching cases and controls on age andThe relative risk estimates for current tamoxifen use of
less than 40 mg day−1, and of 40 or more mg day−1 (who duration of breast cancer, we compared women who were

closely similar with regard to risk factors for VTE otherused the drug for less than a year), as compared with never
than tamoxifen exposure itself.

Table 1 Tamoxifen exposure and relative risk estimates (OR) for To our knowledge, this is the first formal observational
venous thromboembolism*. study on tamoxifen-related VTE. A case-series of 18 women

with thromboembolism among 441 tamoxifen-treated
Cases Controls OR (95% CI) women [24], and several case-reports of women who

developed deep vein thrombosis or pulmonary embolism
Exposure timing

while being treated with tamoxifen [9–12] have beenNever or past 2 62 1.0†
reported. However, the interpretation of these reports isCurrent 23 110 7.1 (1.5–33)
difficult due to lack of comparison groups and because most
of these women had several other risk factors for venousExposure duration

Never or past 2 62 1.0† thromboembolism, such as cardiovascular diseases, prior
Current, 1–11 months 7 28 9.0 (1.0–83) history of VTE, metastases or recent chemotherapy or
Current, 12+months 16 82 6.8 (1.4–33) radiation.

Increasing evidence supporting a causal association
Exposure dose between tamoxifen and VTE comes from several large,
Never or past 2 62 1.0† controlled, randomized clinical trials. In the ‘National
Current, short, <40 mg day−1 5 22 8.3 (0.8–83)

Surgical Adjuvant Breast and Bowel Project’ (NSABP), 1.7%
Current, long, <40 mg day−1 14 71 7.9 (1.5–41)

of tamoxifen treated women (n=1422) developed VTE, asCurrent, short, 40+ mg day−1 2 6 14.1 (0.8–245)
compared to only 0.4% in the placebo-treated group (n=Current, long, 40+ mg day−1 2 11 4.3 (0.5–35)
1437) (19). The 10-year experience of 2673 women with
breast cancer in the multicentre trial Eastern Cooperative*Adjusted for body mass index, smoking status and hysterectomy status.

†Reference group. Oncology Group (ECOG) was retrospectively analyzed and
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reported by Saphner et al. [15]. There was a significant factors for VTE (such as recent chemotherapy, surgery,
metastases) which have not been documented in theexcess of women who experienced VTE among those who

received tamoxifen plus chemotherapy, as compared with computer record. Therefore—at least in theory—up to a
third of the 172 controls in the final analysis might alsothose who received chemotherapy only or those who were

observed only [15]. McDonald et al. also reported a have had additional risk factors for VTE, but we were
unaware of that because we did not have detailed informationstatistically significant increase in the incidence of VTE for

current tamoxifen users as compared with non-current users from the GPs for controls. This might have introduced a
potential bias, but only under the condition that theseamong 1312 women with breast cancer in the randomized

Scottish Cancer Trials Breast Group [16]. Furthermore, two potentially ineligible controls had a very low tamoxifen
exposure prevalence which drove the exposure prevalencesmaller trials also suggest that tamoxifen might increase the

risk of developing VTE; Tormey et al., as part of the for the entire set of 172 controls down to 64%. Since the
exposure prevalence in the 25 cases that we eliminated dueECOG, randomized 194 women after 5 years of tamoxifen

treatment either to continue tamoxifen treatment or to stop to additional risk factors was similarly high (80%) as in the
25 idiopathic cases which we included in the final analysistamoxifen (observation only). There were two cases of VTE

among the long-term users, and no case in the observation (92%), it seems unlikely that the tamoxifen exposure
prevalence in the potentially ineligible controls differedgroup [17]. In another randomized trial, Pemberton et al.

reported that the tamoxifen treated group (n=89) experi- substantially from the 64% exposure prevalence in the entire
set of 172 controls which we included in the final analysis.enced significantly more VTE events (5.62%) than the

untreated group (n=60) where no VTE event occurred [25]. A limitation of our study is the fact that we could not
control for breast cancer histology and/or oestrogen-receptorOn the other hand, no association between tamoxifen

use and VTE was found by Rutqvist et al. who retrospectively status. In theory, these parameters might be associated both
with the outcome and the exposure and could thereforeanalyzed the experience of 2365 women involved in the

Stockholm Breast Cancer Study Group. There was an confound the results to some extent, although this seems to
be an unlikely alternative explanation for the observedalmost equally distributed number of women with VTE

events in the tamoxifen group (40 mg day−1) and in the finding.
In conclusion, our results suggest that current use ofnon-tamoxifen treated group, leading to a RR of 1.06 (95%

CI 0.71–1.60) [6]. tamoxifen increases the risk of developing VTE in women
with breast cancer who are free of other predisposingOestrogens increase the risk of developing VTE (26–29),

and tamoxifen has well-documented oestrogen-agonistic diseases and known risk factors for VTE.
properties. The mechanism of action with regard to changes
in coagulation parameters which could potentially explain The Boston Collaborative Drug Surveillance Program is
venous thrombogenic activity of tamoxifen are not com- supported in part by grants from: Astra AB, Berlex
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